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EXECUTIVE SUMMARY

The initial phase of a two part study to develop a
simulation procedure for shipyard material handling
operations is described. This phase involved investigation
of software alternatives available for simulation,
optimization, material handling and data base management.
Additionally, material classifications, equipment choice
figures of merit and a material handling equipment data base
have been developed. The report presents a discussion of
the software investigation and presents choices and
rationales to be used in the second phase. Additionally,
the format and typical entries in the material handling data
base are presented. A detailed discussion of the final
figure of merit equation developed and to be used is also
included. A detailed description of the simulation and
optimization model is also presented. Finally, the results
of a feasibility study concerning the potential for
successful simulation of the problem is presented.

Three data bases are required in order to analyze the
material handling choices. These describe (1) the material
handling equipment available, (2) the material to be moved,
including time and location it IS needed for the succeeding
work operation, and (3) the facility layout, indicating the
work stations to and from which material must be moved. The
data bases will provide input data to the simulation model.
Therefore, they must contain information in sufficient
detail to permit valid analyses to be conducted. They
should not, however, contain more detail than can be
effectively used in the simulation.

The material handling equipment data base must contain
information that will enable two major functions to be
accomplished. First, the feasibility of using a particular
piece of material handling equipment for a given move must
be verified. This is a necessary condition for further
consideration of the piece of equipment. The feasibility
verification requires a determination that the equipment is
capable of handling the weight, size and route required for
the move. It also implies that the equipment is not
currently being used for another move. The second function
invovles making an optimum choice of available equipment
based on a computation of the cost of using a particular
piece of equipment. Since there are likely to be many
possible choices, the simulation model should be run making
different choices, so that these options can be compared
after evaluating total project costs. The data categories
for equipment must enable the model to determine these
characteristics.

These files are used to develop a new file, called the
potential equipment list. This file is continually updated
for each move and over time during the simulation. This
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file also identifies the piece of equipment by name. It
then has a capacity code to indicate the number of items
within a material classification that can be handled by this
piece of equipment. A columnn, updated throughout the
execution of the simulation indicates the status of the
equipment, including available, in use, or down. Another
column indicates the location status, i.e. where a piece of
equipment is located in the facility at a given time. This
information is also updated during the simulation. Finally,
a series of columns indicate the cost categories including
labor, energy, maintenance, down time, purchase,
installation and debt service costs. The last column is the
total cost associated with the use of a given piece of
equipment up to the current time in the project (for a given
simulation run). Note that while most of the data
categories are constants, some are variables that are
updated during the simulation and some may be stochastic,
i.e. represented by a distribution. These variables are
evaluated using typical random number generators during the
running of the simulation.

Since the number and variation of individual items to be
moved during a shipbuilding or major ship repair/overhaul
project is extensive, a means of limiting the size of this
data base to manageable proportions is required. In order
to accomplish this, a material classification scheme is
used. This scheme employs fifteen major classes, with the
ability to subdivide the classes into sub-categories based
on the specifics of the material handling problem. The
classes include:

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.

Structural raw materials
Outfitting raw materials
Pipe and tubing fittings and valves
Electrical system components
Hull and superstructure components
Fastening materials
Motors and pumps
Major equipment
Sheet metal components
Miscellaneous materials
Sub-assembilies (structural)
Outfit units
sub-blocks
Blocks
Grand blocks

The facility layout data base is a direct function of the
simulation software to be used. Most manufacturing
simulation software packages include a simple structure for
input of the facility layout. Consequently, no specific
recommendations on the format of the layout input is made in
this phase of the research. Following development of a case



study of the material handling simulation (phase II of the
research), the specifics of inputting the layout will be
explained.

The choice of software to be used in developing the data
bases was made based on two primary factors. These are the
ability of the data base software to perform the necessary
functions, and the transferability of the software between
shipyards. Consequently, a relatively powerful data base
handling software package is required. Additionally, it
must be a system that is readily available or already in
common use. One such software system that satisfies these
requirements is LOTUS 1-2-3.

LOTUS 1-2-3 offers a typical spreadsheet approach to data
base management. The software is readily available for PC
operation on most commonly used machines. It provides ample
space for the major data bases required, offering 256
columns and 8192 rows for data entry. The information
required per piece of material handling equipment is
considerably less than the 256 column capacity. Similarly,
shipyards are not likely to have in excess of 8192
individual pieces of material handling equipment to be
managed and scheduled. The spreadsheet format is one with
which most computer users are familiar. It is also quite
powerful, providing considerable computational and sorting
capability.

There are many manufacturing simulation software packages
available for consideration for use in optimizing material
handling. More than 50 such software packages are currently
on the market. Consequently, choices cannot be made based
on trials of these various packages. Again, simple criteria
must be applied and choices made. The major criteria are
flexibility, capability, availability and relative cost.
Use of packages that are commonly used and readily available
is prudent. Given this need to make a choice without the
benefit of comparative testing, this recommendation is based
on availability and common use. Most simulation packages
that have been developed for manufacturing application using
PCs are capable of dealing with the problem to be addressed
in this research. Of the packages available, SLAM II,
perhaps with the graphical add on package TESS is
recommended. This software is commonly available, has been
used in numerous applications and is backed by an on-going
support service. It is relatively easy to use and has both
the power and flexibility needed to develop a material
handling optimization simulation program for a shipyard.
Should an individual shipyard have another standard
simulation package available, switching from SLAM II should
be relatively easy using the model developed in this and the
second phase of the research.
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The actual material handling simulation and optimization
model will include a number of parts. These can be
subdivided into optimization and simulation. The
optimization is based on the development of a "figure of
merit" or total cost formulation. Using this formula,
applied to each move and the associated piece of material
handling equipment used, a total cost of material handling
equipment choices can be determined for a given plan. The
total cost of various plans can then be compared. The cost
formula computes cost in four basic categories. These
include the labor cost associated with the use of a given
piece of material handling equipment, the energy cost, the
cost associated with "emergency" or unanticipated breakdowns
of the equipment, and the cost of having the equipment
available, including purchase, depreciation, scheduled
maintenance, etc. These costs are combined on either an
hourly use rate or over a total projected project duration
and then summed for the project.

The simulation is run to provide a means of evaluating
alternative choices of material handling equipment usage and
scheduling. Note that in the total cost equation, labor and
energy costs for a particular piece of equipment and a
specific move must include unloaded moves (if required) to
position the equipment where it is needed. The simulation
model will account for this requirement. Additionally,
capital costs (purchase and installation), must be based on
present value computations.

The simulation is used to provide and compare material
handling equipment choices and schedules. Initially, the
overall project schedule must be defined by work and
material category. In effect, a combined graph of work
control parameter versus time is required for each work
station pair, i.e. source and destination, involved in
material movement. This will be nearly every work station.
The major exceptions will be work stations that are directly
linked to succeeding or preceding work stations, such as a
panel line. Here there is no material handling choice since
there is a direct connection and most likely dedicated
equipment for material handling. The predominant parameter,
as in product oriented scheduling, is weight. However,
where other parameters are used? such as number of pipe
piece connections, a parameter to relate the work schedule
to the material handling schedule is required. The material
classification categories previously defined will be used
here.

Given this material handling schedule to support the
master production schedule, the simulation may begin. The
inputs to the simulation from the material handling schedule
are the feasible material handling equipment for each move,
the distance of each move,
material category for each

and the handling weights per
move. Any piece of material
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handling equipment that is in the feasible data file may be
ready to be used at the beginning of a working period, or
only for some portion of that period. The equipment may
need to be moved empty to the required work station, and it
may be used for a single move, or for a series of moves in
sequence. Similarly, materials to be moved may be ready and
prepared to be moved at a given point in time, or a
distribution of probability of it being ready can be used.

The simulation will produce outputs which define the
piece of material handling equipment utilized for each move,
the utilization time for each piece of equipment, and any
delays associated with either lack of availability of
material handling equipment or materials to be moved. Based
on these outputs, the total cost for the project of that
option can be computed. A series of simulation runs can be
compared to choose a least total cost material handling
equipment utilization schedule.

A significant consideration in this proposed simulation
is the method of choosing a piece of equipment for a
specific  move. Two suggestions are presented and will be
incorporated in the final model; First, manual (possibly
interactive) selection is recommended. In effect, this is
the way moves are currently scheduled in most shipyards.
The manager of the department responsible for providing
material handling equipment commonly uses some combination
of a schedule and immediate requests to make short term
decisions and assignments. The model should therefore
permit this expertise to be applied to provide a starting
point. The simulation can then be run to evaluate this
proposal and to generate similar but alternative approaches.
The second approach is to automate these decisions based on
a set of heuristics. The model will employ such a set of
heuristics, but in actual use, each manager should have the
opportunity to adjust the heuristics to suit an individual
shipyard's needs and capabilities. These two approaches can
be combined, either by providing interactive override of
heuristic choices by the manager, or by using the heuristics
to develop alternate schedules based on the initially input
material handling equipment utilization schedule.

There are two primary issues of feasibility. The first
involves the size and therefore running time of the model.
The use of material categories and the scheduling parameters
is a means of limiting the size of the simulation model.
There are fifteen material categories, including the ten for
specific individual material items, plus the five assemblY
categories. There are likely to be between 15 and 30 work
station locations required to model the production process.
This size model should be well within the capabilities of
the PC based version of SLAM II recommended for use.
Additionally, the material handling equipment data base
should not be difficult to develop or handle. Similarly,
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the project schedule, if appropriately developed using the
schedule parameter approach should also not be too large or
cumbersome to handle. Clearly, the movement of every single
item is not intended to be incorporated in the model.
Rather, preplanned moves of equipment, manufactured parts
and assemblies between work stations only are evaluated by
this model. Thus the large frame material handling issues
are involved. Subject to project specific needs, however,
the model can be used to evaluate "critical" moves no matter
what category (including size, weight, etc.) material is
involved. Therefore, preplanning of moves is a prerequisite
to the use of the model. The simulation model should be an
effective tool to evaluate changes from
alter the material handling schedule to
changes.

The second feasibility issue is more
prior to actually attempting to develop
involves the heuristics development for

the plan and to
deal with such

difficult to analyze
the model. This
making individual

equipment choices. Heuristics-can be extremely difficult to
develop. This seems to become a more significant problem as
they more closely model the actual decision process employed
by an experienced decision-maker. In developing the
simulation model, less meaningful but simple heuristics can
be a useful starting point. The accuracy (utility) of the
heuristics can then be increased incrementally until they
are either satisfactory or the efficiency of the model
begins to deteriorate significantly. While there is no
assurance that such a set of heuristics can be obtained, the
increasing success of such simulation modeling in other
manufacturing environments provides some optimism.

This report describes the results of the first phase of a
two phase research project concerning the use of simulation
to aid in the choice of material handling equipment for use
in a shipbuilding or ship repair/overhaul project. Detailed
is the outcome of attempts to carefully formulate the
problem, both to indicate the data required and to evaluate
the feasibility of producing software that would be useful
to shipyard material handling department managers. Although
only completion of phase II of the project can definitely
establish the viability of simulation to solve this problem,
the author is encouraged by these results. Additionally,
while the size and scope of shipyard projects represents a
significant problem in utilizing simulation, it appears
possible to handle a problem of this size, if it is
formulated in the manner recommended. A key factor, as in
any simulation, is the accuracy of input data. In
particular, schedule and work progress parameter data must
be valid in order to produce valid simulation results.
Despite this potential difficulty, the use of simulation
shows considerable promise as a tool to help reduce costs
and improve planning of material handling operations in a
shipyard.
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The simulation model that has been formulated, and the
data base structures are a significant initial step. This
effort is the part of the process that requires innovation
and abstraction. Since this phase of the research has been
successfully completed, the remaining steps, while
difficult, are less innovative. Therefore, there is a high
likelihood that phase II would produce a workable product.
Additionally, as described previously, a working simulation
model of a shipbuilding or repair/overhaul project could be
a powerful tool in process improvement.

There are some outputs of this phase of the work that can
be useful immediately. The material classification system
can help planners reduce the scope of other common shipyard
tasks. It can provide a framework for material handling
planners to address schedules without employing simulation.
Secondly, the equipment manufacturers data base can be
useful to maintenance and procurement people. Finally, the
cost formulation can also be a helpful tool to material
handling planners, aiding their thought process in making
manual assignments, as is current practice. Naturally, the
most significant potential benefits of this work require
completion of phase II of the research.
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I. INTRODUCTION

Effective management and control of modern product-
oriented shipbuilding systems is based on control and
monitoring of material. Work packages are organized around
pallets, which are conceptual and physical groupings used
for production scheduling and control. The principles of
material management in shipbuilding have been described in a
series of NSRP publications. Numerous choices of material
ordering, fabrication, storage, marshaling and handling
systems are possible. To date, however, the details of how
to choose and apply these principles based on the specifics
of a given shipyard's operations, building strategy, layout
and work organization have not been thoroughly explored.
Optimal selection from among the choices available can
significantly impact overall productivity of the
shipbuilding process.

Simulation modeling is a tool that can be effectively
employed to optimize choices in a complex decision making
environment. Specifically, for a given objective funtion,
such as total cost, a minimum can be obtained by simulating
the results of a series of possible solutions. In this
case, the desired solution is a choice of material handling
equipment to be used to move particular items from one work
station to another. By coupling a simulation of the entire
series of moves associated with a shipbuilding or ship
repair project, with the computation of the total cost
associated with the moves, a least cost assignment of
material handling equipment to specific moves can be
accomplished. The research reported on here involved the
formulation of the procedures and necessary data bases with
which to generate a minimum total cost for planned material
movement.

This research is to be performed in two phases. This
report is for phase I. Phase I was primarily concerned with
developing the conceptual framework for employing simulation
as the tool for improving material handling operations.
This framework includes description and formulation of the
data bases necessary for solving the problem, choosing
software to be recommended for use, developing material
classes to reduce the problem to a manageable size,
developing an optimization formula, developing a process
flow chart for the total simulation and optimization
procedure, and evaluating the feasibility of success should
phase II be performed.



II. SIMULATION

Introduction

computer simulation methods have been available since the
early 1960's and are now commonly used in management science
[1]. These methods are being used to study such broad
topics as economic systems, business systems, communication
systems, biological systems, transportation systems, and
many others. The wide range uses of computer simulation
methods result from their many advantages. Simulation
methods can be adopted when a complete mathematics
formulation of the problem does not exist, or when
analytical methods of solving a mathematical model have not
been developed. Simulation may be the only possible method
to test systems upon which experimentation in real
situations can not be performed. After a simulation program
has been developed, it can be used as an experimental
laboratory. This is extremely useful when tests are
expensive or destructive in the real world.

Because of the wide applicability of simulation and its
potential uses, it may be helpful to present a brief
introduction to simulation in general. First, the knowledge
of systems, their classifications, and the system models are
discussed. To illustrate the basic concepts of simulation,
a bank teller example is presented. Then, some simulation
modeling methods are discussed. Finally the general
procedure of simulation is presented.

Systems

The term system is used in a wide variety of ways. It’s
definition must be both broad and concise enough to cover
the many uses in the world. According to Gordon [2], a
system is defined as an aggregation or assemblage of objects
combined in some regular interaction or interdependence.

As an example of a conceptually simple system, consider
the discharge of a river after a rain. After rain in the
area of the river, the discharge of the river will increase.
sometime later, the discharge will decrease. The discharge
is a function of the rainfall and time.

As a second example, consider a factory that produces and
assembles parts into a product. The system is composed of a
purchasing department, a fabrication department, an assembly
department, and a shipping department. The purchasing
department provides a supply of raw materials and the
shipping department sends off the finished products.

In both of the systems, there are certain distinct
objects, each of which possesses properties of interest.
There are also certain interactions in the system that cause
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changes. The term entity will be used to denote an object
of interest in a system. The properties of an entity are
called attributes. For a given entity, there might be many
attributes to describe it’s properties. An activity is a
process which causes changes in the system. The term state
of the system describes all the entities, attributes, and
activities as they exist at one point in time.

In the description of the river system, the entities of
the system are the water in the river and in the
precipitation. Their attributes are such factors as the
speed of the river and the amount of rainfall. The
activities are the flow of the river and the descending of
the rain. In the factory system, the entities are the
materials, the parts, the products, and the departments.
The activities are the manufacturing processes of the
departments. The attributes are such factors as the quality
and quantity of the products, types of parts, or the
machines in a department.

Table 1 presents examples of what might be considered to
be entities, attributes, and activities for a number of
other systems. If the bus transportation in Seattle is
considered as a transportation system, the individual bus is
regarded as an entity having as attributes speed and
distance traveled. Among the activities is the driving of a
bus. In the case of a barber shop, the customers of the
shop are entities with the styles of their hair cuts as
attributes. The activity is the hair cut process. In the
case of a bank system, the customers of the bank are
entities. Their attributes are the account balance and the
credit status. The service process is a typical activity.
Other examples are listed in Table 1.

The representations of the entities, attributes, and
activities are not unique for a system. The representations
depend upon the purpose of the system description. Based on
the purpose of the system description, various aspects of
the system will be of interest and will determine what needs
to be identified. An example of a shipbuilding process can
describe the concept well. If the whole shipbuilding
process is considered, the materials, the equipment, the
labor, and the processing departments might be entities.
The attributes could represent such properties as labor
rates, equipment quality, and the quantity of the materials.
The activities could be shipbuilding processing procedures.
However, if only the material handling process in a shipyard
is considered, the entities can be restricted to only the
materials, work stations and equipment. The same concept
can be adopted when defining the attributes and activities.

In any system, values are used to represent the
attributes qualitatively or quantitatively. The values of
the attributes are called states. The analysis of a system
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Table 1 Examples of Systems

systems Entities Attributes Activities

Transportation Buses Speed Driving
Distance

Barber’s Shop customers Style Hair Cut

Bank customers Balance Service
Credit

Supermarket customers Shipping Checking
List out

Maunfactuing Materials Quantity Processing
Quality
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involves a study of its state changes as time elapses. This
requires an understanding of the classifications of the
systems.

One important distinction between systems is continuous
and discrete systems. If the changes of the system state
are predominantly smooth, the system is called a continuous
system. If the changes of the system state are
predominantly discontinuous, the system is called a discrete
system. The river discharge system used as an example
before is a continuous system, because the change of the
discharge is predominantly smooth. The example of the
factory system is a discrete system because the changes of
the state, for example, the receiving of materials or the
completion of a product, occur at specific points in time.

Few systems are completely continuous or discrete.
Taking the factory system as an example again, machining
proceeds continuously, even though the start and finish of a
job are discrete changes. Because, in the factory system,
the discrete type of change predominates, the system can
usually be classified as being discrete.

Generally, a continuous system will be described in the
form of continuous equations which represent how the system
attributes change with time. On the other hand, a discrete
system is described with the events producing changes in the
state of the system. However the type of system is not
necessarily coincident with the description. The study of a
continuous system may sometimes be simplified by considering
the changes to occur as a series of discrete steps. For
example, the discharge of the river system can be defined as
changes at a series of points in time. In addition, the
discrete system usually is described simply by considering
the changes of the system to occur continuously. The output
of the factory may be described as a continuous variable
over the time period of interest. Therefore, the
description of the system does not coincide with the nature
of the system, and the description must be concerned with
the purpose of the study of the system.

Models of Systems

System studies are generally conducted with a model of
the system. The objective of many system studies is to
predict how a system will perform before it is built or to
improve the operation of an existing system. It is not
feasible to experiment with a system while it is in the
hypothetical form. Although sometimes a number of
prototypes of the system can be used and tested, these can
be very expensive and time consuming. Even with an existing
system, in most situations, it is impractical or impossible
to experiment with the actual system. For example, it is
not practical to test a whole material handling system of a
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shipyard in order to know the economic material handling
procedure and the corresponding handling equipment
combinations. In fact, system studies are performed with a
model of the system. A model of a system is a
simplification and a substitution of the system.

The model contains the body of information about a system
gathered for the purpose of studying the system. Since the
structure of the model is based on the information gathered
for the purpose of the studies, there is no unique model of
a system. For example, if the material handling process for
a shipbuilding system is to be studied, the gathered
information of the system need only include the information
which is relative to the handling process in the system.

Developing a model of a system may include two tasks: (1)
establishing the model structure, and (2) supplying the
data. Establishing the structure refers to the
determination of the system boundaries and the
identification of the system entities, attributes, and
activities. The data to be provided are the values of the
attributes and activities. The two tasks should be
conducted together because they are interrelated to each
other. Assumptions about the system are used to direct the
data gathering, and the data confirm or refute the
assumptions.

There are many ways to classify models [3]. Models can
be classified as physical models, such as a scaled-down
replica of a system, schematic models that include diagrams,
maps, and charts, and symbolic models, of which those based
on mathematics or computer code are the most common.

There are some other classifications of models.
Mathematical models can be divided into analytical and
numerical models. In an analytical model, a solution can be
deduced from study of its mathematical representation. In a
numerical model, a solution can be obtained only for
specified numerical values of the parameters of the model by
numerical methods.

Models can also be classified as static and dynamiC
models. If the models either omit a recognition of time or
describe the state at a moment in time, they are static
models. By contrast to static models, dynamic models
acknowledge the passage of time.

Another distinction is deterministic versus stochastic
models. In deterministic models, all the entities have a
fixed mathematical or logical relationship to each other. A
solution of the model can be determined by the
relationships. In a stochastic model, at least a part of
the variation exists randomly, as in nature.
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establishing the model structure, and (2) supplying the
data. Establishing the structure refers to the
determination of the system boundaries and the
identification of the system entities, attributes, and
activities. The data to be provided are the values of the
attributes and activities. The two tasks should be
conducted together because they are interrelated to each
other. Assumptions about the system are used to direct the
data gathering, and the data confirm or refute the
assumptions.

There are many ways to classify models [3]. Models can
be classified as physical models, such as a scaled-down
replica of a system, schematic models that include diagrams,
maps, and charts, and symbolic models, of which those based
on mathematics or computer code are the most common.

There are some other classifications of models.
Mathematical models can be divided into analytical and
numerical models. In an analytical model, a solution can be
deduced from study of its mathematical representation. In a
numerical model, a solution can be obtained only for
specified numerical values of the parameters of the model by
numerical methods.

Models can also be classified as static and dynamic
models. If the models either omit a recognition of time or
describe the state at a moment in time, they are static
models. By contrast to static models, dynamic models
acknowledge the passage of time.

Another distinction is deterministic versus stochastic
models. In deterministic models, all the entities have a
fixed mathematical or logical relationship to each other. A
solution of the model can be determined by the
relationships. In a stochastic model, at least a part of
the variation exists randomly, as in nature.
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As computer technology developed, more and more models
have been built to use digital computer simulations. These
kinds of models are called simulation models. A simulation
model is a mathematical and logical representation of a
system which can be simulated in an experimental fashion on
a digital computer [4].

Simulation models assume that a system can be described
in terms that are acceptable to a computing system. If each
combination of the variable values represents a unique state
or condition in the system, the movement of the system from
state to state then can be simulated by manipulating the
variable values.

A simulation model is a laboratory version of a system.
Experiments can be performed by running the model. Thus
inferences about the system can be obtained “without
building them, if they are only proposed systems; without
disturbing them, if they are operating systems that are
costly or unsafe to experiment with; or without destroying
them, if the object of an experiment is to determine their
limits of stress” [4].

A Bank Teller System Simulation

To illustrate the concept of simulation, a simple bank
teller example is presented. Customers arrive at the bank
and wait for service by the teller if the teller is busy.
The waiting customers are in a single queue (or line) in
front of the teller. The teller severs one customer at a
time. After being served, the customer departs the system.
Table 2 presents the time of the customer arrivals and the
time of service for each customer. The question is to
determine the percent of time the teller is idle and the
average time a customer spends at the bank.

Since the state of the system is changed over time, the
state of the system must be defined. For this example, the
state of the system can be defined by the status of the
teller (busy or idle) and by the number of the customers at
the bank. The state of the system is changed when a
customer arrives at the bank or departs from the bank after
being served. Table 3 presents the time for each customer
in the queue and at the bank. The average time in the queue
is 2.66 minutes and the average time in the bank is 5.9
minutes for each customer. Table 4 presents the event-
oriented description of the bank teller simulation. The
event time is the time of arrival and departure of the
customers. In Table 4, the events are listed in
chronological order. From this table, it is indicated that
the average number of customers at the bank
minutes is 1.4775 and the teller is idle 19
time.

in the first 40
percent of the
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Table 2 Customer Arrival and Service Time
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Table 3 Manual Simulation of Bank Teller

Start
Customer Arrival Service Departure Time in Time in
Number Time Time Time queue Bank

(1) (2) (3) (4) (5)=(3)-(2) (6)=(4)-(2)

1 3.1 3.1 6.9 0.0 3.8

2 10.8 10.5 14.2 0.0 3.4

3 14.1 14.2 18.7 0.1 4.6

4 14.8 18.7 23.4 3.9 8.6

5 17.8 23.4 25.6 5.6 7.8

6 20.0 25.6 27.7 5.6 7.7

7 21.5 27.7 30.7 6.2 9.2

8 26.5 30.7 33.4 4.2 6.9

9 32.4 33.4 36.0 1.0 3.6

10 36.5 36.5 40.0 0.0 3.5
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This example has illustrated several important concepts.
At any instant in simulated time, the model is in a
particular state. A state may change only at the event
time. The state changes can be viewed from two
perspectives: the customer’s view and the teller’s or the
bank’s view.

Simulation Modeling

There are two major tries of models that can be developed
and used in simulation: (1) discrete simulation modeling and
(2) continuous simulation modeling. For discrete
simulation, the state of the system can change only at event
time. A complete dynamic process of the system over time
can be simulated by advancing simulated time from one event
to the next. This time advance approach, timing mechanism,
is used in most discrete simulation languages [4].

A discrete simulation model can be formulated by three
different orientations, usually called world views. They
are event orientation, defining the changes in state that
occur at each event time; activity scanning orientation,
describing the activities in which the entities in the
system engage; and process orientation, describing the
process through which the entities in the system flow.

In the event oriented world view, a system is modeled by
determining the events that can change the state of the
system and by developing the logic associated with each
event time. The system is simulated by executing the logic
associated with each event in a time ordered sequence.

As an example of the concept of the event oriented world
view, consider the bank teller system again, which was an
example described before. A customer arriving at the system
may wait for service in a queue or is served immediately if
the teller is idle. The state of the system is defined by
the status of the teller and the number of waiting
customers. The state is changed only at the point in time
when a customer arrives at or departs from the system. The
events of arrival and departure can be used to completely
describe the dynamic structure of the system. The following
statement outlines the logic and the associated arrival
event logic [4]:

“SCHEDULE NEXT ARRIVAL
IF THE TELLER IS BUSY: NUMBER WAITING = NUMBER

WAITING + 1; RETURN
IF THE TELLER IS IDLE: MAKE THE TELLER IS BUSY;

SCHEDULE AN END OF SERVICE EVENT AT CURRENT TIME
+ SERVICE TIME; RETURN

END”
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The logic associated with the departure (end of Service)
event is outlined as follows:

"IF THE NUMBER WAITING IS GREATER THAN O:
NUMBER WAITING = NUMBER WAITING - 1;
SCHEDULE END OF SERVICE EVENT AT CURRENT
TIME + SERVICE TIME; RETURN

IF THE NUMBER WAITING IS O: MAKE THE TELLER IDLE;
RETURN

END"

A calendar of events is required for an event oriented
simulation. The calendar initially contains the notice
about the first arrival event. As the simulation proceeds,
additional arrival events and end of service events will be
scheduled onto the calendar according to the logic
associated with the events. The events will be executed in
a time-ordered sequence, and the simulation time has been
advanced from one event to the next.

In the activity scanning oriented world view, the
activities in which the entities engage are described, and
the conditions which cause an activity to start or end are
initiated from the conditions specified for the activity.
As the simulated time is advanced, the conditions of either
starting or ending an activity are scanned. The appropriate
action for the activity is taken if the prescribed
conditions are satisfied. Because it needs scanning for the
entire set of activities at each time advance, the approach
is relatively inefficient compared to the event-oriented
world view, but this approach is particularly well suited if
an activity duration is indefinite and is determined by the
system state of satisfying a prescribed condition.

In the process-oriented world view, the simulation is
oriented to the combined features of both the event
orientation and the activity scanning orientation. As the
entities move through a process, a sequence of events are
automatically executed by the simulation language. A set of
statements is used to model the flow of the entities through
the systems. The following set of statements describes the
process for the bank teller example [4]:

“CREATE ARRIVAL ENTITIES EVERY T TIME UNITS;
AWAIT THE TELLER;
ADVANCE THE TIME BY THE SERVICE TIME;
FREE THE TELLER;
TERMINATE THE ENTITY;"

Although each of the three above world views for a
discrete model can be coded by using general purpose
computer languages, a considerable amount of programming
effort will be required. To reduce this difficulty,
simulation languages have been developed to provide a simple
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tool to code the model. GASP, SIMSCRIPT and SLAM II are the
most commonly used languages in discrete event models.
GPSS, SIMULA, Q-GERT, and SLAM II are commonly used process
oriented languages.

In a continuous simulation model, the dependent
variables, which represent the state of the system, are
changed continuously over time. Continuous models are
frequently written in terms of the difference of
differential equations. These equations can be solved by
digital computers using numerical analysis. A set of
standards for continuous system-simulation languages (CSSL)
has been developed by a committee of the Society of Computer
Simulation.

For combined discrete-continuous models, the dependent
variables of the system state may change both discretely and
continuously. GASP IV, SMOOTH, SAINT, SIMSCRIPT, CROPS, and
SLAM II are the languages that are capable of coding the
combined simulation models.

Simulation Process

According to Shannon [5], there are ten steps for the
simulation process. They are:

1. Problem formulation. The statement of the problem and
the objective for the problem solving.

2. Model Building. The model abstracted from the system of
interest.

3. Data acquisition. The process of data collection,
identification, and specification.

4. Model translation. The coding of the model for computer
processing.

5. Verification. The process of establishing that the
computer program executes as it is designed.

6. Validation. The process of establishing that the
simulation model is as accurate as the real system.

7. Strategic and tactical planning. The process of
establishing the experimental conditions for the simulation
runs.

8. Experimentation. The process of the simulation program
execution to generate the values of the dependent variables.

9. Analysis of results. The process of analyzing the
outputs and developing inferences and recommendations.



10. Implementation and documentation. The process of
applying the results from the simulation and documenting the
model and its use.

The first task in a simulation is to develop the problem
statement. To find an acceptable solution to a problem, it
must be known what the problem is. However, a clear and
concise problem statement and the corresponding objectives
are not always easy to develop. In many cases, management
may not identify its own problem correctly. It recognizes
that there is a problem, but what is the true problem is not
identified. Therefore the system should be studied. In the
study, a definition of the system must be produced first.
Then the study within the defined system will be conducted.
As additional insights into the problem are obtained and
additional questions become of interest, the problem
definition appears more clearly.

The task of formulating a model starts just after the
accomplishment of the problem formulation. Formulating a
model is to abstract the necessary essence of the system.
In order to do this, the structure and the operating rules
of the system must be fully understood. The model must
define the elements and the characteristics of the system.
The model must also describe the way in which the elements
of the system interact to cause changes to the state of the
system over time. The model should be easily understood,
but sufficiently complex to represent the necessary
characteristics of interest of the system. To simplify the
model, a set of assumptions of the system will be developed
during modeling.

AS the development of the model progresses, the
independent variables of the model require data input. The
collection of the data can involve considerable time and
cost . Usually, the data input values are initially
hypothesized or based on preliminary analysis. During the
data acquisition process, formidable problems may occur. It
may be difficult or even impossible to quantify or measure
certain variables that are important to the behavior of the
system. The data and the information needed may not be
available, or perhaps not exist in the form required. In
these situations, simplifying assumptions should be made,
but they must be appropriate to the system in nature.

Once the model has been developed and the initial
estimates of the input variables have been established, the
next step is to transfer the model into a computer
acceptable form. The simulation model can be programmed by
using general purpose languages. General purpose languages
such as FORTRAN, COBOL, BASIC, and C are designed to solve a
broad class of problems. Special purpose languages, on the
other hand, are designed to satisfy or solve a partical
class or type of problem. Since the late 1950’s when the



special purpose simulation languages began to be developed,
significant improvement on the special purpose languages has
been achieved. The simulation languages have many
advantages for simulation. In addition to the savings of
programming time, the simulation languages provide a brief,
direct vehicle for expressing the concepts arising in a
simulation study. The simulation language also can
automatically generate certain data needed in simulation
runs.

After the model has been coded in a computer language,
the next step is verification. The verification task is to
check the simulation programming and to ensure that the
model is coded correctly. For a simple model, manual
checking of calculations is a typical method of
verification, but for a complex model, a series of debugging
steps is required for a sequence of sections.

Validation is the process of establishing that a designed
accuracy or correspondence exists between the simulation
model and the real system. To validate a model means to
develop an acceptable level of confidence that inferences
drawn from the performance of the model are correct and
applicable to the real world system. As this level is
achieved, comparison tests should be conducted between model
results and system results.

The process of strategic and tactical planning is to
establish the experimental conditions for the simulation
runs. The strategic Planning process is composed of
developing an efficient experimental design to either
explain the relationship between the simulation response and
the input variables, or to find the combination of values
for the input variables which either maximize or minimize
the simulation response. During the process, a sensitivity
analysis may proceed. The sensitivity analysis usually
consists of systematically varying the values of the
parameters or the input variables over some range of
interest and observing the effect upon the model’s response.
The information drawn from the sensitivity analysis will be
very helpful when management makes decisions. In contrast,
tactical planning is concerned with how each of the
simulation runs is conducted to find the most information
from the data. Experimental design of the simulation run is
a typical tool for planning the simulation runs. Starting
conditions and variance reduction methods are the two
specific issues for the simulation runs in tactical
planning.

Experimentation and result analysis refer to executing
the simulation program, gathering the outputs, and analyzing
the results. The simulation program is used as an
experimental laboratory. The program is executed according
to the experimental design accomplished at the previous
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step. The execution of the simulation and the data analysis
may indicate the need for further work: changing the
experimental design to explore interesting results, even
reformulation of the problem [6]. Interpretation of the
results of the analysis is required at the and of the
process. The presentation of the results should be easily
understandable. A concise and clear presentation will be
helpful for management to make decisions.

The last step for a simulation process is implementation
and documentation. The implementation is directly tied to
the effectiveness of the simulation report. If the report
presents the recommendations which are acceptable to
management, the implementation should be easy. This
indicates that both the model builder and the model user
need to work closely together and they both need to
understand the model and its use. If the model formulation
and the assumptions are not effectively communicated, then
the recommendations are hard to implemental. Reformulation
of the problem and repeated evaluation may be involved.
Finally, a well organized document is prepared to the user.
A good documentation results in the maintenance of a
computer coded program of a simulation model.
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III. DATA BASE DEVELOPMENT

Initial consideration of the model to be employed to
analyze the choice of material handling equipment was
conducted based on an analysis of simulation as a general
tool and on discussions with appropriate shipyard personnel.
Since it was clear that data requirements and availability
would be a key part of the ultimate model chosen, initial
efforts were aimed at identifying and collecting the
necessary data. It quickly became apparent that the data
reqluired included the material handling equipment, the
material to be moved and the facility, i.e. the locations to
and from which material was to be moved.

Consequently, three data bases are required in order to
analyze the material handling choices. These describe (1)
the material handling equipment available, (2) the material
to be moved, including time and location it is needed for
the succeeding work operation, and (3) the facility layout,
indicating the work stations to and from which material must
be moved. The data bases will provide input data to the
simulation model. Therefore, they must contain information
in sufficient detail to permit valid analyses to be
conducted. They should not, however, contain more detail
than can be effectively used in the simulation. The actual
flow of the simulation model proposed will be presented
later in the report. However, there are certain
prerequisites associated with each of these data bases.

Material Handling Equipment Data Base

The material handling equipment data base must contain
information that will enable two major functions to be
accomplished. First, the feasibility of using a particular
piece of material handling equipment for a given move must
be verified. This is a necessary condition for further
consideration of the piece of equipment. The feasibility
verification requires a determination that the equipment is
capable of handling the weight, size and route required for
the move. It also implies that the equipment is not
currently being used for another move. The second function
invovles making an optimum choice of available equipment
based on a computation of the cost of using a particular
piece of equipment. Since there are likely to be many
possible choices, the simulation model should be run making
different choices, so that these options can be compared
after evaluating total project costs. The data categories
for equipment must enable the model to determine these
characteristics. Figures 1-5 show the heading categories
for the files that comprise this data base. These files are
for specific types of material handling equipment,
including, bridge/gantry cranes, mobile cranes/crane trucks,
jib cranes, transporters/trucks/rail cars, and forklifts.
The first two columns are the individual equipment model and
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name. The next set of columns indicate handling capacities
of the equipment. This data can be used to determine the
material category classifications for which this piece of
equipment may be used. The next column indicates the work
station combinations (source and destination) which the
equipment can service. The travel speed, used to indicate
the length of time required for a given move is included
next. This includes both loaded and empty travel speeds.
The type of energy used is provided in the next column.
There is also a category, indicated by a code, that directs
the user to a file that describes the equipment
manufacturer. Figure 6 is an example of this file. The
remaining columns contain equipment specific cost data.
These costs are described in detail in the section that
presents the figure of merit formula. In order to indicate
the potential size of these files, data from three shipyards
was collected. This included two private shipyards and one
public shipyard. Appendix I contains a complete listing for
one of these shipyards. This listing would be subdivided
into the five equipment file categories described above in
order to be able to run the simulation and optimization
program. Additionally, an attempt to develop a complete
equipment manufacturer file was made. This file is shown in
appendix II.

These files are used to develop a new file, called the
potential equipment list. This file is contiunally updated
for each move and over time during the simulation. A more
detailed description of the flow of the simulation and the
use of this file will be presented later. This file, an
example of which is shown in Figure 7, also identifies the
piece of equipment by name. It then has a capacity code to
indicate the number of items within a material
classification that can be handled by this piece of
equipment. A column, updated throughout the execution of
the simulation indicates the status of the equipment,
including available, in use, or down. Another column
indicates the location status, i.e. where a piece of
equipment is located in the facility at a given time. This
information is also updated during the simulation. Finally,
a series of columns indicate the cost categories, including
labor, energy, maintenance, down time, purchase,
installation and debt service costs. The last column is the
total cost associated with the use of a given piece of
equipment up to the current time in the project (for a given
simulation run). Note that while most of the data
categories are constants, some are variables that are
updated during the simulation and some may be stochastic,
i.e. represented by a distribution. These variables are
evaluated using typical random number generators during the
running of the simulation. The optimization equation, used
to compute total cost, is shown later in the report.
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Material Class Data Base

Since the number and variation of individual items to be
moved during a shipbuilding or major ship repair/overhaul
project is extensive, a means of limiting the size of this
data base to manageable proportions is required. In order
to accomplish this, a material classification scheme is
used. This scheme employs fifteen major classes, with the
ability to subdivide the classes into sub-categories based
on the specifics of the material handling problem. The
classes include:

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.

There are

Structural raw materials
Outfitting raw materials
Pipe and tubing fittings and valves
Electrical system components
Hull and superstructure components
Fastening materials
Motors and pumps
Major equipment
Sheet metal components
Miscellaneous materials
Sub-assemblies
Outfit units
Sub-blocks
Blocks
Grand Blocks

(structural)

specific sub-categories within the first ten
major equipment categories. These are shown in Table 5.
The assembly stage outputs (categories eleven through
fifteen above) are primarily identified by the material
handling constraints, including size, weight and special
considerations [7,8].

Facility Layout Data Base

This data base is a direct function of the simulation
software to be used. Most manufacturing simulation software
packages include a simple structure for input of the
facility layout. Consequently, no specific recommendations
on the format of the iayout input are made in this phase of
the research. Following development of a case study of the
material handling simulation (phase II of the research), the
specifics of inputting the layout will be explained.
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ITEM NASSCO NO. BIW NO.

Cable and wire 60 25,26,27
Fittings and supplies, includes: packing assembly,
wave guide bends, terminal blocks, connectors, caps,
conduits, fuses, terminals, stiffing tubes, etc. 61 28,30

Connector boxes, flourescent light fixtures 62
PIastic tape, braid 63
Lighting (lamps) 64 28
Miscellaneous electric 65
Coils and relays 66
Switches and controllers, includes: circuit breakers 67 37
I.C. Equipment and parts 68 31,32
Navy symbol electrical, includes: feeder distribution

boxes, fuse boxes, jack boxes, switch boxes, terminal
boxes, indicater lights, light panels, receptacles,
switches, pressure transducers, etc. 69

Wave grids and fittings
Power generation and transformation equipment
Instruments, electrical/electronics
Electronic compounds

29,30
33
34
35
38

ITEM NASSCO NO. BIW NO.

Deck cleats, chocks, fairleads, hawse pipe
material

BIocks, sheaves
Rigging material includes: clevis, hooks, shackles,

snaps, links, turnbuckles, etc.
Doors and closures
Furniture and fixtures
Anchoring devices stair treads, railing, gratings,

etc.
Laundry, barber shop, galley, messing and scullery
equipment

Lumber
Medical and laboratory equipment and supplies
Off ice equipments furniture, supplies and ships

outfit
Coverings, floor and deck

40
41

42
44
45

48

73

79

4
45
69
71

73
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6: Fastening Materials

ITEM NASSCO NO. BIW NO.

Bolts and
Nuts
Pins
Rivets
Screws
Washers
Weld rod,
Tool S

studs

flux, solder

Misc.,  includes: hangers,
braces

50
51
52
53
54
55
56
78

sway
57

53
53
53
53
53
53
61

80,81,82

54
Gear and shifting boxes, couplings for flex shaft

and rigid rods 59
Rope, threads chain, twine, and wire (non-electrical) 43 50

ITEM NASSCO NO. BIW NO.

Motors 90
Pumps 91

ITEM NASSCO NO. BIW NO.

Major equipment - Hull 94 97
Major equipment - Machinery 96 98
Major equipment - Electrical 93 99
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oup 9. Sheet Metal Components

ITEM NASSCO NO. BIW NO.

Vent fittings 3
Air-Conditioning units and supplies, heaters,

vent fittings, and ducting includes: intake
and exhauset bellmouths, thermostats, spiral
fittings, access covers, regulators, diffusers,
ventillators, grills 28 93

oup 10.. Miscellaneous Materials 

ITEM NASSCO NO. BIW NO.

Chemicals, grease, oil,  gases
Campounds, includes: adhesives cement, epoxy, etc.
Govermnent furnished material
Paint
Insulation
Cleaning supplies
Finishing, decorative materials and accessories
Vendor service items
Fabrics, plastics, glass, tapes
Safety and protective equipment
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70 60,62,63,64
71 49
74
47 48
46 57, 47

72
74
86
46
70



IV. SOFTWARE CHOICES

Three categories of software were investigated for
potential incorporation in the model. These are for data
base management, simulation and material handling. Although
the use of packaged software is to be maximized, the model
will need to provide interfaces and input/output
capabilities developed specifically for this application.
The final model configuration is presented later in the
report. An attempt to determine if material handling system
evaluation software existed was made initially. All
listings of such software, including those contained in
journals like INDUSTRIAL ENGINEERING [9] and MODERN
MATERIALS HANDLING [10], indicted that the software was
aimed at inventory control and warehousing, and not material
handling. Consequently, it was clear that simulation
software would be needed to model the material handling
process.

In choosing software packages for use in the model, a
number of criteria were applied. These criteria are based
on qualitative evaluation, since the number, complexity and
cost associated with individual testing of software packages
would be prohibitive. The primary criteria to be used
include (1) suitability of the software, or it’s capability
to handle the problem, (2) availability of the software,
including it’s cost, common usage in shipyards, general
familiarity among computer users, and service and support by
the software supplier, and (3) transferability of results
between different users. An analysis of this type can
significantly aid in making choices, while limiting the
likelihood of selecting inappropriate software.

Data Base Management

The choice of software to be used in developing the data
bases was made based on two primary factors. These are the
ability of the data base software to perform the necessary
functions, and the transferability of the software between
shipyards. Consequently, a relatively powerful data base
handling software package is required. Additionally, it
must be a system that is readily available or already in
common use. One such software system that satisfies these
requirements is LOTUS 1-2-3 [11].

LOTUS 1-2-3 offers a typical spreadsheet approach to data 
base management. The software is readily available for PC
operation on most commonly used machines. It provides ample
space for the major data bases required, offering 256
columns and 8192 rows for data entry. The information
required per piece of material handling equipment is
considerably less than the 256 column capacity. Similarly,
shipyards are not likely to have in excess of 8192
individual pieces of material handling equipment to be
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managed and scheduled. The spreadsheet format is one with
which most computer users are familiar. It is also quite
powerful, providing considerable computational and sorting
capability. Although it would certainly be easier to use
the model with the specific software packages to be employed
in it’s development, the specific software packages chosen
are not the only ones that would perform the necessary
functions. Therefore, shipyards using other spreadsheet
type software could continue to use that with the final
model. The interface programs are the only parts that would
need to be changed.

Simulation

There are many manufacturing simulation software packages
available for consideration for use in optimizing material
handling. Summaries of these packages are generally
presented and updated annually by a number of journals.
More than 50 such software packages are currently on the
market. Consequently, choices cannot be made based on
trials of these various packages. Again, simple criteria
must be applied and choices made. The major criteria are
flexibility, capability, availability and relative cost.
Use of packages that are commonly used and readily available
is prudent. Given this need to make a choice without the
benefit of comparative testing, this recommendation is based
on availability and common use. Most simulation packages
that have been developed for manufacturing application using
PCs are capable of dealing with the problem to be addressed
in this research. Of the packages available, SLAM II,
perhaps with the graphical add on package TESS is
recommended [121]. This software is commonly available, has
been used in numerous applications and is backed by an on-
going support service. It is relatively easy to use and has
both the power and flexibility needed to develop a material
handling optimization simulation program for a shipyard.
Should an individual shipyard have another standard
simulation package available, switching from SLAM II should
be relatively easy using the model developed in this and-the
second phase of the research. Although there are many
others, the primary simulation packages that were analyzed
in addition to SLAM II were GPSS (General Purpose Simulation
System) [13], SIMSCRIPT 11.5 [14] and SIMAN [15]. Detailed
descriptions of each of these packages can be found in the
references listed.
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V. SIMULATION AND OPTIMIZATION MODEL DESIGN

The simulation and optimization model is designed as a
general optimization model. As it is established, it can be
used in any U.S. shipyard after some shipyard specific data
have been input. These data entries can be made within the
shipyards and by people involved in material handling
scheduling and decision-making. There is no need for those
doing this work to be either simulation experts or
programmers. The major effort required is to input values
in several data bases based on production schedules, the
facility layout, and handling equipment available.

The material handling simulation and optimization model
can be divided into four sections: (1) the material handling
needs scheduling section, (2) the handing equipment
selection section, (3) the handling process simulation
section, and (4) the handling cost analysis and output
section, as shown in Figure 8.

Work Schedule By Material Class

The material handling needs schedule is based on the
material classification, the work schedule, and the facility
layout. The function of this section is to generate the
material handling schedule. The development of the material
handling schedule is based on the information stored in two
data bases: (1) the work schedule by material class, and (2)
the facility layout data base. The work schedule by
material class data base must include the following
information:

(1) The weight (or the number of work pieces) of the
materials to be handled, separated by material
classification. This information must be specified by every
work period, for example, by every shift. This tells the
total weight (or the number) of material items to be handled
per work period for each work station. Typical production
indices (as developed for PWBS scheduling) would be used to
determine these requirements, and would be presented as
shown in Figure 9.

(2) Material handling equipment requirement codes. The
codes could be specified according to the weight or the
volume of the class of the materials that can be handled by
a given piece of equipment. The codes are used to determine
feasible material handling equipment choices per move.

(3) Sources and sinks of moves. These describe the work
stations to and from which the materials move.

(4) The time at which material becomes available for
movement at the present work station, the required time and
the earliest receiving time at the following work stations.
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These values indicate the time period within which the
materials should be moved to avoid causing sechedule delays.

Facility Layout Data Base

The facility layout data base provides the facility
layout information to the model. The information includes:

(1) Work station codes or names. The codes are designed to
identify the stations and the nearest adjacent stations.

(2) The distance between any two work stations. For a
general model development, the distance information for all
the work stations should be included, although the material
handling process could not occur directly between some of
the work stations.

(3) The possible handling equipment code between any two
stations. This information is used to develop the potential
equipment list, which will be described later.

These data are contained directly in the simulation program,
which facilitates the input of the work station layout and
location information.

Actual Material Handling Schedule

Based on the information from these two data bases, a
handling schedule is developed. The handling schedule
corresponds to each work period for all of the work
stations. The schedule includes the following information:

(1) The total weight of material to be handled at a work
station. At every work station, material is input and
output at various work periods. The total weight to be
handled at the station, including both input and output,
indicates the minimum handling equipment capacity required
at this station.

(2) The work piece handling code. The development of this
code is the combination of (a) the equipment requirement
code from the material class and work schedule data base and
(b) the possible handling equipment code between any two
work stations from the facility layout data base. The work
piece handling code indicates possible handling equipment
which can be used for handling the work piece between the
two work stations.

(3) Handling sequence. There are several possible criteria
from which to develop the handling sequence:

a) First requirement first handling.
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b) First available first handling.

c) Material group handling.

d) Others.

Development of either a single strategy to be followed, or
options for a choice of strategies will be necessary to
automate this part of the model. Alternatively, interactive
input at this section could permit the user to make these
choices as a part of running the model.

The handling schedule chosen will be an input for the
process simulation and a reference under which the specific
handling equipment will be selected. The simulation will
permit evaluation of alternative schedules, sequences and
equipment choices.

Handling Equipment Selection

The handling equipment selection section consists of the
material handling equipment data base, the potential
equipment choices, and the specific equipment chosen for
each run. The function of this section is to select the
possible handling equipment and specify the equipment
combinations for the handling process. The material
handling equipment data base provides the equipment
information to the model. The potential equipment are
selected based on the feasibility of the use of a particular
piece of equipment for a particular move and the
availability of the equipment in the material handling
equipment data base. For example, if the possible equipment
code indicates that 40-ton fork lifts and 40-ton cranes can
be used to handle a class of material from work station A to
work station B, both of these kinds of equipment will be
selected from the material equipment data base. Then, the
availability of the equipment will be determined. In other
words, the program will ascertain whether the equipment is
already in use, is unavailable due to maintenance or
breakdown needs, etc. The possible choices are then saved
in a file. This file is called the potential equipment
list. For every piece of material, there is a possible
equipment code attached. The material handling equipment
data base is searched by each of the possible equipment
codes, and thus all of the potential equipment are selected.
Then the cost and handling information for the selected
equipment is transferred into the file. This file is used
for the specific equipment combination selection for each
simulation run.

In order to specify the equipment combination for each
run, some rules must be developed. In the material handlinq
simulation process, the number of
must be limited. Some infeasible

equipment combinations 
combinations should be
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eliminated before actually simulating the handling process.
Therefore, the rules for determining handling equipment
combinations should be based several factors:

(1) Capacity.

Capacity considerations include: a) geometric and weight
capacity, in that the equipment selected must be capable of
handling the weight and geometric shape the work piece; b)
total weight and distance, since the maximum handling
capacity of a certain piece of equipment at a certain period
of time may be limited when the distance is given; and c)
maximum total transportation capacity, since many pieces of
handling equipment may be assigned during the same period of
time between two work stations and thus traffic congestion
must be considered when selecting the equipment combination.

2) Handling Restrictions.

Some of the equipment will be eliminated from certain
routes between work stations due to facility layout
restrictions and by the method of handling the material.

3) Heuristics.

Heuristics will be developed to limit the simulation
runs. Some of the materials can be handled by multiple
kinds of equipment or by a number of the same type of
equipment during the same period of time. Determining how
to select the equipment requires that heuristics be
developed.

Simulation

The material handling simulation section is used to
simulate the material handling process. The function of
this section is to model the material handling equipment
flow during the entire project. During the simulation, the
entities (materials) flow from station to station. The flow
time between stations is the material handling time. Within
each station, there is a constant or stochastic material
processing time. The equipment flow, including loading
time, transporting time, unloading time, and back traveling
time, corresponds to the material flow. The finished
materials wait at the present work station until a piece of
handling equipment is available to move them to the next
work station.

The handling sequence is developed at the material
handling schedule section and the handling equipment is
assigned at the handling equipment selection section. In
the simulation model, the material handling equipment
utilization is the dependent variable, while the loading,
unloading, transporting and back traveling time for the
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material handling equipment is the independent variable.
The values of the independent variables must be input before
the process is simulated. If the values of the variables
are constant, the material utilization can be calculated
according to the handling schedule and the equipment
assignment. However, some or all of the variables may be
stochastic values. They change from time to time. In order
to know the average utilization for each piece of equipment,
a simulation for the process is preferred. After each
simulation run, the equipment utilization will be known.

The independent variables described above are also used
for the approximate calculation in the handling equipment
selection section. Suppose there were 100 tons of materials
to be handled from work station A to work station B within a
work period. After a calculation, it is known that two fork
lifts can handle the materials at a work period. It is
reasonable to assign two fork lifts to the job for a
simulation run. The calculation for the assignment is not
precise. However, after the simulation, the utilization of
the equipment and the actual work time of the equipment will
be obtained and will be used for the material handlina cost
analysis.

Cost Analysis

The handling cost analysis and output section
section of the simulation and optimization model.

is the last
The

function of this section is to perform a material handling
cost analysis and provide the most cost efficient material
handling equipment assignment, and handling schedule. The
material handling cost analysis is conducted by means of a
figure of merit (cost) formulation. The cost formula
consists of four cost categories. These include the labor
cost, the energy cost, the emergency breakdown cost, and the
cost of having the equipment available. The labor cost and
the energy cost are proportional to the actual work time of
the equipment, which is obtained after the simulation of the
handling process. The last two cost categories may have
relationships relative to the equipment actual work time
also. Further investigation is required to understand these
relationships.

After each of the process simulations and the cost
calculations, the total cost will be compared with the costs
from previous runs. Then, the cost and the equipment work
schedule will be stored. Finally, a least total cost
material handling equipment utilization schedule and several
near least total cost equipment utilization schedules are
printed.



Figure of Merit Formula

In order to evaluate optional choices of material
handling equipment, a figure of merit (cost) formulation
must be developed. Using this formula, applied to each move
and the associated piece of material handling equipment
used, a total cost of material handling equipment choices
can be determined for a given plan. The total cost of
various plans can then be compared. The cost formula
computes cost in four basic categories. These include the
labor cost associated with the use of a given piece of
material handling equipment, the energy cost, the cost
associated with “emergency” or unanticipated breakdowns of
the equipment, and the cost of having the equipment
available, including purchase, depreciation, scheduled
maintenance, etc. These costs are combined on either an
hourly use rate or over a total projected project duration
and then summed for the project. The figure of merit
formulation is given below.

Total Cost ($ /project) =

SUM [labor cost * actual working time (hrs)
all moves

+ energy cost A actual working time (hrs)

+ emergency breakdown cost

+ ( (purchase cost + installation cost)
* depreciation coefficient + interest cost
+ maintenance cost) * project utilization
coefficient (partial yearly usage of equipment
on a specific project)]

where:

Labor Cost ($/hr) = Number of operators
* Average wage/hour/operator

actual working time = travel time + load time + unload time

Energy Cost ($/hr) = cost per unit of energy type used
* energy consumption at maximum output
per hour

* energy utilization coefficient

Maintenance Cost ($) = Constant or stochastic (distribution)
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Emergency Breakdown Cost ($) = (1 - reliability coefficient)
* (delivery delay cost per/hr

+ inventory cost per hour
+ overtime cost per hour
+ idle time cost per hour)

* repair time (hrs),
stochastic (distribution)

Purchase Cost ($) = constant

Installation Cost ($) = direct installation cost
+ area utilization cost
+ additional facility (building)

construction cost

Interest Cost ($) = (purchase cost + installation cost)
* interest rate

The constant values must be input to the individual
shipyard material handling equipment data base. Given these
data, the simulation can then be run to provide a means of
evaluating alternative choices of material handling
equipment usage and scheduling. Note that in the total cost
equation, labor and energy costs for a particular piece of
equipment and a specific move must include unloaded moves
(if required) to position the equipment where it is needed.
The simulation model will account for this requirement.
Additionally, capital costs (purchase and installation),
must be based on present value computations.

An Example of A Material Handling Process Simulation

The following is a simple example of how the simulation
and optimization process would work. For this example,
there are five work stations. The processing time at each
work station is denoted by Tpk, which is a random variable
of a distribution, where k = 1, 2, 3, 4, or 5. The material
handling time, Thij, is also a random variable with a known
distribution, where Thij means the time required to handle a
certain amount of material from station i to station j. The
handling diagram is given as show in Figure 10. Si denotes
the ith station; i = 1, 2, 3, 4, or 5. The material
handling schedule is given in Figure 11. Mij means that M
units will be handled from station Si to station Sj. The
total weight of materials handled is 100 units for the whole
project. The handling process is divided into three
periods. At period one, 20 and 10 units of material are
handled from station 1 to station 2 and 3 respectively. The20 units of material moved to station 2 will be processed at
station 2, and 10 units of them will be handled further to
station 4 after processing. It is assumed
processing is conducted between any two of

that if the
the handling
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periods, the processing time is not considered by the
material handling model. This case is true, when there is
enough inventory space, and the material is not required by
the next work station immediately after it is processed.
Otherwise, the processing time must be considered. The
processing time is denoted by Tpk.

There are two pieces of equipment, El and E2, available
to perform the material handling tasks. E2 has a handling
capacity of 1.4 times that of El. Three handling equipment
assignment schedules are listed in Figures 12, 13, and 14,
where sij denotes the handling process from station i to
station j. It is assumed that the process is simulated by
three runs for each of the three equipment assignment
schedules. The results are shown in Figures 15, 16, and 17.
Note that the variations in processing and handling times
were arbitrarily chosen. The values of the cost formula
parameters are listed in Figure 18. There are four cost
categories in the Figure: labor cost, energy cost, emergency
breakdown cost, and the cost associated with having the
equipment available. It is assumed that the emergency
breakdown cost is approximately zero because of the high
maintenance costs for the equipment. It is also assumed
that there are 150 work periods for the whole year.
Therefore, the project utilization coefficient is P/150,
where P denotes the number of periods of equipment
utilization for this project. Figure 19 lists the total
mean costs of the material handling process for each of the
three handling equipment assignment schedules. Finally, the
last two pages show an example of the cost calculation.
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Schedule III

Handling and Processing Times: Period 1

Sim Work Work &
Run Thl 2 Tp2 Th13 Th24 Time Idle Time

1 4.0 1.5 2.0 1.0 7.0 7.0

2 3.0 2.0 1.5 1.5 6.0 6.5

3 2.0 2.5 3.0 2.0 7.0 7.0

Ave 3.0 2.0 2.17 1.5 6.67 6.67

Handling and Processing Times: Period 2

Work
Sim Work & Idle
Run Th13 Tp3 Th12 Tp2 Th24 Th45 Th35 Time Time

1 1.0 2.0 6.5 3.0 3.5 0.6 1.1 12.8 14.5

2 1.4 1.5 6.0 2.0 3.0 0.4 1.3 12.1 13.2

3 1.4 1.0 7.0 2.5 2.0 0.6 1.3 12.3 12.7

Avg 1.3 1.5 6.5 2.5 2.8 0.5 1.2 12.3 13.3

Handling and Processing Times:

Sim
Run

1

2

3

Avg

Th24

4.2

4.0

3.8

4.0

Tp4

3.0

4.0

5.0

4.0

Th45

3.5

3.0

4.0

3.5

Work
Time

7.7

7.0

7.8

7.5

Period 3

Work &
Idle Time

10.7

11.0

12.8

11.5

Thij = handling time from station i to j.
Tpk = processing time at station k.

Figure 17 Schedule III Handling and Processing Times
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Items El E2

1 Labor Cost $/hr 18.0 20.0

2 Energy Cost $/hr 5.0 7.0

Emergence Breakdown
3 cost $ 0.0 0.0

Schedule I II III I II III

Cost for
4 Having Equipment $ 130 87 43 - 127 127

Periods of
Equipment Used P 3 2 1 0 2 2

Project Utilization
Coefficient P/150 P/150

Maintenance Cost $ 1,500 2,000

Purchase Cost $ 20,000 30,000

Installation Cost $ 1,000 1,500

Interest Cost $ 2,000 3,000

Depreciation
Coefficient 1/7 1/7

Figure 18 Cost Parameters
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Cost Calculation

I Cost for Having the Equipment

cost for Having the Equipment

= ((purchase cost + installation cost)
* depreciation coefficient + interest cost
+ maintenance cost) * project utilization

coefficient (partial yearly usage of equipment
on a specific project)

Cost for having El

= ((20,000 + 1000) * (1/7) + 2,000 + 1,500) * (P/150)

130, P = 3
= 87, P = 2

43, P = l

Cost for having E2

= ((30,000 + 1,500) * (1/7) + 3,000 + 2,000) * (P/150)

0,P = 0
=

127, P = 2

II Handling Cost

Schedule I

Labour Cost ($): (6.67 + 18.2 + 14.5) * 18 = 708.66

Energy Cost ($): (6.67 + 17.5 + 10.5) * 5 = 173.35

Emergency Breakdown Cost ($): 0.00

Cost for Having the Equipment ($): 130.00

Total Cost ($): 1012.01
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Schedule II

Labour Cost

Energy Cost

$): (6.67 + 10.10) * 18
+ (7.1 + 11.5) * 20 = 673.86

$): (6.67 + 9.2) * 5 +
(5.6 + 7.5) * 7 = 171.05

Emergency Breakdown Cost ($): = 0.00

Cost for Having the Equipment ($): 127 + 87
= 214.00

Total Cost ($): 1058.91

Schedule III

Labour Cost ($): 6.67 * 18 + (13.3 + 11.5) * 20
= 616.06

Energy Cost ($): 6.67 * 5 + (12.3 + 7.5) * 7
= 171.95

Emergency Breakdown Cost ($): = 0.00

Cost for Having the Equipment ($):
43 + 127 = 170.00

Total Cost ($): 958.01
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VI. FEASIBILITY ANALYSIS

There are two primary issues of feasibility. The first
involves the size and therefore running time of the model.
The use of material categories and the scheduling parameters
is a means of limiting the size of the simulation model.
There are fifteen material categories, including the ten for
specific individual material items, plus the five assembly
categories. There are likely to be between 15 and 30 work
station locations required to model the production process.
This size model should be well within the capabilities of
the PC based version of SLAM II recommended for use.
Additionally, the material handling equipment data base
should not be difficult to develop or handle. Similarly,
the project schedule, if appropriately developed using the
schedule parameter approach should also not be too large or
cumbersome to handle. Clearly, the movement of every single
item is not intended to be incorporated in the model.
Rather, preplanned moves of equipment, manufactured parts
and assemblies between work stations only are evaluated by
this model. Thus the large frame material handling issues
are involved. Subject to project specific needs, however,
the model can be used to evaluate “critical” moves no matter
what category (including size, weight, etc.) material is
involved. Therefore, preplanning of moves is a prerequisite
to the use of the model. The simulation model should be an
effective tool to evaluate changes from the plan and to
alter the material handling schedule to deal with such
changes.

The second feasibility issue is more difficult to analyze
prior to actually attempting to develop the model. This
involves the heuristics development for making individual
equipment choices. Heuristics can be extremely difficult to
develop. This seems to become a more significant problem as
they more closely model the actual decision process employed
by an experienced decision-maker. In developing the
simulation model, less meaningful but simple heuristics can
be a useful starting point. The accuracy (utility) of the
heuristics can then be increased incrementally until they
are either satisfactory or the efficiency of the model
begins to deteriorate significantly. While there is no
assurance that such a set of heuristics can be obtained, the
increasing success of such simulation modeling in other
manufacturing environments provides some optimism [16, 17,
18].



VII. OTHER USES OF THE MODEL

There are a number of possible uses for the model
proposed in this paper. The two primary areas of use
involve material handling equipment decisions and
scheduling. In the first area, the model should be
effective in two significant areas. First, decisions on
buying and selling material handling equipment can be
justified by running the model with the material handling
equipment data base appropriately changed. Benefits in cost
and schedule will be readily apparent. Additionally,
maintenance and breakdown records can be used to improve the
accuracy of the data base, and then can be used to improve
the scheduling of maintenance and prediction of breakdowns.

In the area of project scheduling, the model can be used
to consider the impacts of schedule changes on material
handling requirements and costs. Such an analysis can
highlight bottleneck operations and therefore permit
critical review of the manufacturing system. Similarly, the
model can be used to evaluate the shipyard layout, and to
provide material handling cost figures for layout
alterations. The use of manufacturing simulation in other
industries has lead to improvements in system problem
identification and solution. This includes not only
scheduling, equipment and layout, but also quality, batch
size, labor utilization, etc. It is this author’s belief
that simulation holds similar promise for shipyard
operations improvement.
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VIII. FUTURE RESEARCH

In order to complete the development of a functioning,
material handling simulation system, the following work must
be accomplished:

1. Develop an interactive simulation program to produce a
least cost material handling equipment schedule, based on
equipment availability, production requirements, and the
facility layout.

2. Develop and incorporate heuristics to perform internal
decision-making within the simulation, as an augmentation
and/or substitute to interactive decision-making.

3. Develop links between the results of the material
handling simulation and planning, scheduling and production
control functions.

4. Implement intelligent (AI based) simulation techniques to
control material handling and to improve internal heuristics
based on previous results.

The first two items above will enable shipyards to
employ simulation as a tool to improve the scheduling of
material handling operations. In particular, both short
term and long term improvements can be expected. The third
and fourth items above are longer term projects, with even
more potential for improvement of material handling. The
third item provides a feedback loop from the material
handling group to planning and scheduling, permitting
material handling considerations to be evaluated as a part
of those functions. The fourth item leads to addressing the
future prospects and power of simulation, i.e. artificial
intelligence based simulation. This area appears to be the
direction in which simulation is headed. Its application
and power are contained in the ability of the computer
program to learn from previous computer runs, producing
improved planning outputs based solely on computer
evaluation, without expensive, in the yard trial and error
approaches. The first two items are contained within the
scope of Phase II of this project. The third and fourth
areas are longer term research possibilities.



IX. CONCLUSIONS

This report describes the results of the first phase of a
two phase research project concerning the use of simulation
to aid in the choice of material handling equipment for use
in a shipbuilding or ship repair/overhaul project. Detailed
is the outcome of attempts to carefully formulate the
problem, both to indicate the data required and to evaluate
the feasibility of producing software that would be useful
to shipyard material handling department managers. Although
only completion of phase II of the project can definitely
establish the viability of simulation to solve this problem,
the author is encouraged by these results. Additionally,
while the size and scope of shipyard projects represents a
significant problem in utilizing simulation~ it appears
possible to handle a problem of this size, if it is
formulated in the manner recommended. A key factor, as in
any simulation, is the accuracy of input data. In
particular, schedule and work progress parameter data must
be valid in order to produce valid simulation results.
Despite this potential difficulty, the use of simulation
shows considerable promise as a tool to help reduce costs
and improve planning of material handling operations in a
shipyard.

The simulation model that has been formulated, and the
data base structures are a significant initial step. This
effort is the part of the process that requires innovation
and abstraction. Since this phase of the research has been
successfully completed, the remaining steps, while
difficult, are less innovative. Therefore, there is a high
likelihood that phase II would produce a workable product.
Additionally, as described previously, a working simulation
model of a shipbuilding or repair/overhaul project could be
a powerful tool in process improvement.

There are some outputs of this phase of the work that can
be useful immediately. The material classification system
can help planners reduce the scope of other common shipyard
tasks. It can provide a framework for material handling
planners to address schedules without employing simulation.
Secondly, the equipment manufacturers data base can be
useful to maintenance and procurement people. Finally, the
cost formulation can also be a helpful tool to material
handling planners, aiding their thought process in making
manual assignments, as is current practice. Naturally, the
most significant potential benefits of this work require
completion of phase II of the research.
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